Cooperative regulation of p70S6 kinase by receptor tyrosine kinases and G protein-coupled receptors augments airway smooth muscle growth.
We have previously demonstrated that concomitant activation of receptor tyrosine kinases and certain G protein-coupled receptors (GPCRs) can promote a synergistic increase in the rate of airway smooth muscle cell (ASM) proliferation. Here we clarify the role of p70S6 kinase (p70S6K) as an integrator of receptor tyrosine kinase and GPCR signaling that augments ASM DNA synthesis by demonstrating that specific p70S6K phosphorylation sites receive distinct regulatory input from GPCRs that promotes sustained kinase activity critical to mitogenesis. Prolonged stimulation of ASM cells with EGF and thrombin induced a greater than additive effect in levels of p70S6K phosphorylated at residue T389, whereas a significant but more modest increase in the level of T229 and T421/S424 phosphorylation was also observed. The augmenting effects of thrombin could be dissociated from p42/p44 MAPK activation, as selective inhibition of thrombin-stimulated p42/p44 failed to alter the profile of cooperative p70S6K T389 phosphorylation, p70S6K kinase activity, or ASM [(3)H]thymidine incorporation. Thrombin stimulated a sustained increase in the level of Akt phosphorylation and also augmented EGF-stimulated Akt phosphorylation. The cooperative effects of thrombin on Akt/p70S6K phosphorylation and [(3)H]thymidine incorporation were all attenuated by heterologous expression of Gbetagamma sequestrants. These data suggest that PI3K-dependent T389/T229 phosphorylation is limiting in late-phase p70S6K activation by EGF and contributes to the cooperative effect of GPCRs on p70S6K activity and cell growth.